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DISQ AIMER

Although the ressar:h described in this report has Ddoen
funded by the Un.ted S:ates Environmental Protection Agescy
thznugh Interageu.y Ajr:ement Number AD-89-F-2A-279 witlL Jal
Ridge Nationa] latoratory, it has uot bdeen swbjected to the
A enry's required p.er 1nd poiicy review and therefcre does
not vecessarily re¢fiect the views of the Agency and wo offi-
ciasl endorsement skould be inferred.
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BIGHLIGHTS

This report is a uvser’'s manvs]l for MLSOIL (Moltiple Layer SOIL

zodel) and DFSOIL (Dose Factors for MLSOIL) and a documentation of the

computational methods used in those two computer codes. MLSOIL ca’ cu-
lates an effective ground surface concentration to be used in compnuta-
tions of extecrnal doses. {nis effective ground surface comcentration is
ejual to (the computed dusc in air from tbe concentration ip the roil
layers) / (the dose factoa four computing dose in air from a plare).
M_SOIL mplcwments & five comjartment linear-transfer model to calculste
tie coocentrations of radionuclides in the scil following depusition on
tie grouvod surfece from the atmosphere. The model considers leacking
tiro -gh thke so0il as well as raldiosctive cecay end buildup. The
clement-specific trensfer coc{ficients used in this model are a function

o the k, and environnentll'plrlneters. DFSOIL calculates the dose in

sir per unit concentration at ] m adove the ground f{rom cach of the five
$0i1) layers used in MLSOIL and the Jose per unil cuncentratiovon from an
1afinite plane source. MLOSOJL and DISOIL have beci sritten t¢ be part
o the Computerized Radiolagrcal Risk Investigeuion System (CRRIS) which
1. designed for assessments of th: bealth eficcts of sirborne relesses

o radiocnuclides.
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1. INTRODUCTION

This report is s user’s manval for M.SOIL (Multiples Layer SOIL
model) ond DFSOIL (Dose Factors for M.SOIL) end a documentation of the
computational methods wused 3o those i1wo compater codes, MLSOIL
cnlcolates an equivaleat ground surfsce concentration for computation of

aternal doses usibng availabl: exterual dose-rate factors

-1980). This effective groind sorfsce concentrstion 15 eyual to

{the computeu dose 1D sir fres the :oncemtration in the s0il layers) /
{1 be dose-rate factor for ecomnuting dose in air from s pilage
copcentratiou). ModUIl uses o five compartment linear-transfer model to
erlcuiate the torventretaons of rad opuchives 310 the snil 1csulting frem
deposition oo the ground surface. The moedel ccosidcrs leaching through
tle soil as well as readicactive decey 8i... bLuild-up. The clepeat-
sjecific transfer coefficients used in this moucl are a function of the
ké and epvairoomental paremeters. DISOIL culculstes dose-rate factors to
deternioe the dose ju air per umit conceotration et 1 » above the ground
itom eevh  of the {ive t01l] Jayers used 1o MLLMUIL +  the dore per mait
ccncentration froz & surfsce plame sounrec.

The funding for this reses ¢k ® was  proviced by the U.S.
Eivironmental PFrotcetivn Agrncy (PA), wbich, upoo sssuming scgulatosy
suthority ol nuclear rfflncnts cove red by the Ciean Asr Act of 1977,
i.unched an extecrive freview andl revision of w@odels that simulate
transport u{ 1adiouoclides through ovironments] puthwsys Lo ®map, and
erlculate resulting hecalth 12pact .. The resultr of the first phase of
this work, unleslaacs Ly the Feoulth a0 Seioty iceeren bavioion (HASI:

uf  toe Ouk fawege veavavial Labo aiowy (ORNL - mre puic-lasbed 3o throo



rcports - PREP
1¢79) and DAKT
D/RTAB have provided EPA with an :nterim methodology for performing
purlear asscisments, york Les cont doed at ORNL on an integrated set of
computer codes and dats bases which serves as & stste-of-the-urt
radiological risk sssessmrnt sethodology. This Computerized
Radi.logical Kisk lovestaigation BSyrtem, or CKRIS o
press), 13 based on & review and evaluation of the AIRDOS- EPA/DARTAB
iysten. .501L epd DFSOIL are designed to be sn integral part of the
CERIS. |

The relaticoship of AL.SOIL and DFSNUIL 1o the other codes of the
CRIIS 1s sbowo o Fig. 1.1. PRIMUS (Hermaop et al., in press) accesses
a date base oi dreay data (Kocler, 1981a) to determine the radionuclide
decay c¢hains required for the source tere which will be copsidered in
trapsport, dos?. and risk cslculstioas by other codes nf the CRRIS.
RETADD- 11 (Hurphy., Onr, and Begovizh, 1984) 1x & lung-rabge trajectory
ateosphcrse Jdispersson model whizh culvolates radionuc)ide air
cotcentrations and ground deposit:on rates o~z & syuUsrc *ri1d oo a
reprons]l or continental scale. ANEMOS _:n press} is a
shirt range (SB0xm) Gaussiarn plume atmospheric dispersion mudel why:h
colenlate: 1adlviucliue aar Cdiventri toRs aud grousd deposition getes on
a cirtvular grid. Multiple runs of AfLth oky be summed o 8 mester gr d
by SUKL) tHe govach ef al.. 10 yresst. SUMYT) may alsc be used samply 1to
trensfore the results from the ANFMO! crlculetions) arid to annther gr d
georetry that is more copvenient for the assessmcnt. TLRKRA (Bses «t
sl.. 10 press) is used to calculate curcentrations of radionuclice

cka:Ly 1L toor vegetable and produce categories, four cattle feed

;.Mu»
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categories, irrigated and onop-irrigated soils, beof, and milk. TERRA
uses either RETADD-1I, ANEMOS, or user—defined deposition rstes. MNLSOIL
r:ads deposition rates from RETADD-II, ANEMOS, SUMIT, or TERRA. MLSOIL
cap ecither replace TERRA or accept input from that model. MLSOIL will)
perge 1ts ground surface c(oncentrations with the other environmental
copcentrations computed in TLRRA, if requested. DFSOIL is rum to
compute the dose-rate facturs needed for MLSOIL. ANDROS (Begovich et
a.., iD press) receives envircnmental radionuclide <concentrations from
TTRRA or MLSOIL and cumbibes them with population estimates, food and
a:r consumption rates, and duse and risk facturs to calculate populstion
ard sverage individual doses snd r-sks from thc source term supplied to
Pr.IMUS, ANEROS, or RETADD-11.

MLSOll and DFSOIll werc written to provide an alteraative to the
TERRA methodology for computiong dose from ground surface exposu-e.
Estinates of external dose frum radionuclides deposited om the ground
strfacc are o0“ten based Oop the assumption that the activity remains on
the surface unti) removed by radicact: ¢ decay (VUSNRC, 1977). For
radionuclides depusited on so1), this assumptsun proviuces 8 conservative
overestisate of external dosc¢ to exposed indivaduals above ground.
Radionucizdes will wnusmally bLe transported dowuward 32 871l ¢.8., by
water infiitration and plowing of agi.cultural lcods. The presence of
soil hetween the sourcc and receptor locations will ususlly previde much
g-euter shieclding thsn mir alope, The w@method of computang  soil
actavities used 1 TLKKA sssnices thkat these 1s nu contgibulion to tota)
concentration from rsdiopoclides which bsve lesched below the top 1 cm
of soal. Thesefore, the c¢x.erpal dose compuied from the 1LKKA greund

surfece ccrcentraticus it ANDRUS is ofter undercstinuted. MUSUIL, u: g

-y

R I



the dose-rate factors from DFSOJL, computes an effective ground surface

concentreation that assumes leachinp thiough the top 100 cm of soil.
M1 SOIL and DFSOIL togetber produce a comcentration that csn be used to
compute s more accurate dosc thap coes TEKRA.

This report documents the modals used in MLSOIL and DFSOIL and
contains instructions for their tvse, Sect. 2 of this report describes
tac program MLSOIL and the computationsl mcthods used in it. Sect. 3
dercribes the wuser input to MLSOIL in dctail wnd brielly discusses the
iaput files needed. Sect. 4 describes the MLOSOIL output listing and
file. Sect. 5 dcsciibes the program DFMUIL. Thbe sppendices include
listiogs of RLSOIL auu Dﬁbbip. as w2ll 8s the JAL to run them. Examples
o” the DFSOlL. output recport and the MI.SOIL use. input, and output report

are also included in appendiccs.



2. MLSOIL - PROGRAM DESCRIPTION

2.1 Computstional Models

2.1.1 Badjorac}ljde Trauso.-ct iz Soijl

Tbe wmodel of a1edior.clide traosport through soil that is
implimentsd in MLSOIL 4is a five comparizent lineasr transfer model.
Figure 2.1 shows a scbematic of the model which could represent
migration thivogh updisturbed asgriculturs] land such ss perzanent
pasture. The movemert of radionuclides through the so0il coluamn s

represented 1p  the model L 8 scries of iroonsters bctween compartments

f varacus sizes, Within vach cospartoent tie rsdionuclides are assumed
to be unifurcly wmiaed. Note tlat thesre :s oo upward transfer., The
rates of transfer bietween tle various Lumjpe,..cent s are detcrmined ty the

tracsfer coefricients ka' The rate at whictL this migration takes place
i; de,cndcnt uwpon sevcrsl factors, incinding the compartment thickness,
the cS.micnl furm of the ssdicpucliac, su.l cumposition., climste., and
rasnfal’. ihis muwlel 18 8 modification of ti.e model presented by
Svmmopds, lLinsley, aud Junes (1979) and uscd by t.v Commis.ion cf the
burcopean Compmubitaes (1979,

The cfeve of change of ihe activaty of redsovruclide i in box 1 15

given ty

dﬁ, |
dt s U)o aA, Ky 1A, é hJIAI

slere Al (L,/m3 or bq/m3) 1s the activity of noclide an box 3, P‘(t) 1s

the 1ai¢ ut which radinsuclide i cuters bea 1, Li 1 the radiological
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decsy comstant for nuclide i, X. ; i the leaching removsl conostant for

pvclide i from layer 1 to layer 2, and ;i is the branchisg fraction of
puclide j to aoclide i. Apelcgouns cquations csn be writtem for the
remainliog layers of the model illastrated inm Fig. 2.1. The
concentrations of all radionuciides in all layers at time t are obtaised
in MLSOIL by rolving the set of rimsultaneous equstions represented by
Eq. 2.1, Section 2.1.3 describes tte mectbod of computing ;adiolomic

dezay and buildup.
2.1.2 trupsfer Coefficjents

A lescring removal rate cunstant mode; (lacs and Sharp, 1963) 1tas
be:n adaptecd from the TERRA code (HBae. et al., it press:a) to calcolete
tratsfer coeftficients in MLSOIL., This tremsfer coefficient 1is element

spicific. The model is given by

P (2.2)
K ~——FP L __

ea[x.gndj

whire

k‘J = the lesching coetficient ‘or elercrnt 1
between lsyers j and )+l b,

F = aniual asveraye total prec.pitetyen tiw/yr),
| - anuwual everage e~-pn|tn;;p|tg§inh (vx'yr),
d - thickress - f sayer 1 (cm)
) sv1l o pull dinegsty '\;..cns)
(t) = so1l voluncltic waler en.ient (ml/ced:,

¢ - the dastrabution voudlficaont of clexcct & (ml/g).
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Migraticn of red:onuclaide: imn so1i bas been studjed only for o
linited number of elements, primerily isotopes of cesium. strontium, asnd
plitonium (Miamonds, Libsley, and Jones, 1979). As a result. there is
on.y a very limited empirive. data base Irve which to dersve values of
th: ;nter-lnyer transfer coefi..1ents 3o MI.SUOIL. Coaputed snd wcasured
lewening coeificients for 7 :tonius are cumpeared an Table 2.1, The
cotiputed vealues were obtajned trom Ej. 2.2, usiug the default valucs of
poand @ {given below'. » x, of 4,013 ml/g, end the sum (P-E) equal to
th value obtaiued from the diiL Gat: base fuv licaver, 52 cnm.

In M SO ss 41 [FKKA, the valies ot | s, kL may be cntered by tae
ustr or resd frue the STt Jdat. base - tace et al., 1983b) Anguil
va.ues of 1 and B e1¢ entered 11 ooi's of mm ars convorted to (B Tae
ld's arc t1eav froc 88 clervcpt-specitae fale constructed for TERRA.
Valbuis vo p atd U ke, te cniticd by he user. iee JUttauli viaue for p

is 1.3% glcrj. The default vaine foir U 1s 0. 4K95 m‘l/cu.'l {bses and

Shery . 195, bievs €t Bl., 1VBOu., ne tranaig- coridroacnts ney e
entercu by the user rather ¢ st beyn, cooguted b b 207 vt Jesared.
2.0 Kad.cactive Deeay snd tupliup

The aystaos ool G wafOns wesnptind by Foo Lo 1s systen of 3 lupeny
RN EY it ntrer - Mety s Wit cvanstani coeeifacaenis and constast
fetcie.  tear Thios Systen CAR Be  clp.thnd as B victos matrox
dittos ey - a NS

(2..)
df\ I W L L. t 7
ut v v

suhj00t 0 tht anaties - .adila
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Tadle 2.1 A comparison of plutonium leaching coefficients

Layer Moasured® Computed
(cm) (yt'l) ((yr~1)
0-1 2.43E-1 8.57E-3
1-5 6.29E-2 2.14E-3
5-15 3.92k-2 8.57E-4
15-3¢C 1.47E-3 S.71E-4

®from Simmounds, Liosley, «nd Jones (1979).

TS
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(2.4)
A(to) = Ay

Ja owr sotation, A is s vector fuaction of t, ‘0 snd P are constant
vectors, and C is & comstant coefficiest matzria. A is a vector of the
seolie sctivities, P is o vector of the deposition rates, and € 4is the
matrix of coefficients of the differeatial equatioss., includiag decay
snd inter-layer tranmsfer factoss.

The wnique solstion of the systes Eqs. 2.3 - 2.4 is

(2.9)
ACE) = ovp[(1-tg)C]Ag * {‘-:p[(:o-z)c]p dc ,
0

whe o exp ( ) means the mat ;3 cxponentisl functiuvas of order a ((cdding-

ton ané Levimsorn, 19353).

For velses of (t-t,)C for which the matriz wmors ||(t-t°)C|| is
lare, direct lpplicatlbu of Bg. 2.5 i» sot yroctic.l.for aumerica’
ove.vation of A(L)., Bowever a series method has been developed for
suitably rearramged vereion of Bq. 2 3; this metrLod has been applied to
rediosctive decsy processes for scae time and is discussed by Lev
(19°6)., whose report i3 the primiry basis for omur asdsptetion. V.
proceed to describe the metkod snd our spplicatios of it.

We define the matriz fumctios D(!) ss follows:

.« (2.6)
. YD .
D(S) LT .

whesre & io a metria. The series comverges for all 8, and hemce D(S) 1s

well-leaficed. lu tbe sgecinl (ase where L is nucsitgulas,

BT



(2.4)

A(to) = AO.
In our notati:v.a. A 13 a vector {unctionm of ¢, AO snd P are <coostant
vectors, end € is 8 constant ccefficient matria. A 1s s vector of the

nuclie activities. P 15 o veocote:

satrax  of . cfficicpts

and snter layer tranafer factors.

. The unigu- sclutaen 0 b

of the differential equatscus,

systen Egs., 2.1

of tbe dupvsition rates, and € 1s  the

iccluding decay

(2%
£
L

(2.%)
. N \ ' \
{ .y - (] « ! . ] LI Y
Ait) t\x{(l t,' jAv i tlpl(ln 1 (Jl -,
i
[}
whe-e c3p - mosny b oeat gy capencatisl furoreoon e oy e E0Gdding-
ton ard levins - CARREE

For velues o« 1y t“)C fogr shich

lar e, driect .pplltl(i('n of Eq.

Pva uatioen ! Avte However a sories

st1 abtls resrreryged versvon ot i'q. 2

the metria tourm ({1 lo)f‘l is

2.5 1s not practicsl for numerccal
wethoud has teew devcloped Jor

.8, thas metho teen applied to

tad cactive roay 1o osses for (%} X time a1l P .ussed by e
CIv 8)Y,  whise repert ar the primeaty basis or ocul scaeptestion, W
T T IV S R IC TP U I PYIE I PRSP VRN S 3 £ BV I N O O T R

W Giiocn b e palrais funeis oon DI

[N
T \ o
Ve b))
¥
whevter S 1y & metris 1Y
welil Jotine! R
- v T W ETREYESg-ps w5 T

oas fs b low

seriee converyes foer ali N osrt hence DEY s

Lo iBi o vose whore & 318 NGO NITNY BT,

Ll o “F‘.E?‘-F’ SRR agpRTI R e = g mr -
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_1 (, 01)
D(8) = § “(exp(S) - I ,

ehezre I is the 1dentity matria. With

S = (t'to)C .
1t 183 possibie to use Eqs. 2.5, 2.€, and 2.7 to prove that

(.9
ACt) = [3D(S)+1]Ay + (t-1,)D(SIP .

Ad>plication of Eq. 2.6 to the numerical evalustion of D(S) in Bg. 2.9
¢spends onm s scaling operation that trensforms S to s matriz with
cigenvelices Jess thenw ooe ir wmagoitude and thos accelerates the
convegence ¢! the series. The scaliog is defic.d &7 the eguation

. (2.10)

ne2Ps,

wiere p 13 & positlive 1pteger, chosin 80 that the eigenvalues of B are
l.as  tlan it du atsclute value .esch etigecvalie c¢f h 18 2° P times ac
e gervaloue of S). Jf we assume for the momest that s»uch & valuoe of p i

iown., tleob suspuiariin ¢ DUS) fo scbstititaen iu by. 2.9 bresks dorwn

t. tre fcllovin, sleps.

Steg 1, Compute Ji from L. 2..0 and DiH+ from the approzimite
termils
(2.:1)
*ou! | 1 )
bt S e i 2H«l (PR S I(H(l ' f‘ln)"’)"" .
L Y

wlere ¥ (an Ye estimatced to give 8 prescribed micuramcy.

aqgggﬂﬂﬂlasr!!l!i~$4F'=!ﬂg—!q—-==!Qﬂ!ﬁsn*éait:!-!—n———r——f —

et ot ettt il s o e msaiba o nesaxsemestr 2kl MEFTRSN.a—
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Step 2. Uiln; the computed valee from Eq. 2.11 ia the recursions

formula

(2.12)
p(2¥E) =~ p(2X 1@y (1 + %(2*"8)»(2"‘:)) bk = 1.2.00..p .

compute D(2PH) = D(8).

Step 3, Sudstitute D(S) into Eq. 2.9 to get A(t).
A valuve of p ssch thst the transformstion iu Eq. 2.10 produces a
matrix H with eigenvalues less than uviity ia magoitode may be determiped

fron the insequality

(2.13)

3] 2
Yo sy,
j=1 1)

p > 1o

0

-
"

[
L.

vhe o l‘j is the (1,j)-th entry nf th) matriz S. This inequality is ths

reshlt of the following comnsiderations:

1. Tbe eirgecvalues LR 1,....56, Of ETH are real and nonmegative,

spd

-~ (2.14}
mazla | ¢ mas B,
i ! i !

whe "¢ the xl sre the eigenvaues of H  Weyl's jineguality, see Gantmacher

(19.i9) ., foutpote oo p. 217, for refersnces).

2. 1f h = lh‘J). ther

(2.15°

T &oQ-2 (8
trace(H H) = . p
1 }}1 1 521 s
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The first isequality follows from 8 Cirect computation; the secoud is o

consequence . { the fact that the trace of a matrix is iavariast uwsndir

n
similarity tzansformstions, and z:u’ is the trace of the Jordsn
el

canonical foia u, HTH.

3. By combiping Eqs. 2.14 and 2.15, we see that

(2.1¢)
LRSI D S D M LA
maxiA (L‘ bo. = h . = REDD s, . .
v WA W s BN R o § 1

Jt follows fron Eq. 2.16 that we r.; enfozce the condition ili|<1 for

= )J,...,n by reguirirg that

s

(2.17)

[ ¢ €‘s2, ]% « 2P
D T o WL
Taenoality 2 17 1s equivalent to Eq. 1.13.

The matris C and the vectors A aid P are constructed as follows.
The veictors A and P are partitioned imto N biccls, one black per
noc. ide, wiik varcd Hleoh cintersring five compopents, ¢ 101 each soil

.8yerT. Tihe nstial velue of A is a ways zerv. 1i the period of long-

terni buildup (‘b) 13 prester ther or equel tc the assesament periol

(t,, the activitaes are computed w.th the entered constant depositron

rat: for the wiole sssecsmwent period. If t, > ty, the set of equation:

must be solved twice. farst, fo. t, w tp the entered constent deposition

rate snd. second, for (t_ - tp) with toth & zero deposition rste apd e

initiasl sctivity ss computed for the joriod of Jong-term bujldup (tb),

W e
v
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The coefficient matrix C is ps-titioned into am NaN array of
subnatriz blocks, each of which is 535. The submatriz dlock for each
pec] ide pair (i,3) is defined as follows:
for j > i as the O matriz, (2.18)
for j ¢ i as 1ibi.j1 .
for j = i @s
-ll’ki.l 0 0 0 0
Yo Ak, 0 0 0
0 kx.Z “Atly.3 0 0
0 ¢ ki Aok g 0
0 0 0 LI Ak
with
1 being the $i5 identily matrix
A, being the radiologic decsy conmstant of muclide i,
ki.- baing the tracsfer coecfficient of muclide i
froma layer m to layer mtl,
' bl.J being the branching fraction of muclide i to nuclide j.
The \i" snd bi,j.' are from PRIMUS. The kx.l" are computed ir routine
TRANSF or entcred by the  user. Note tbat tbe wmstrix C is lowes
triaaguiar.
2.2 lntroduct s to the Code
MLSOlL bess been written to functiop in the same position witbin the
(RKIH @3 does TERRA. Hecsuse of tbis, seversl routines »ere tsken from
TEFK, and modified for use jp MLILOJL., Tbese are the TEKRRA main routine
i
— T HUEwm T T o s s = T T T T TS TRaT. LT -2 i e g
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Tadle 3.3 ‘d" ssed in MLSOIL

element k olement x
ll’[ nl’;
~
AC 1.5E+03 . N $.0E-01
AG 4.5E+01 NA 1.0E+02
AL 1.5E+03 NB 3,.5E+02 v
AN 7.0B+02 .- ND 6.5E+02
AS 2.0E+02 NI 1,5E+02 ¢
AT 1.0E+01 NP 3.0B+01
AU 2.5E+01 0OS 4.5E+02
B 3.0E+00 P 3.5E+00
BA 6 .0E+01 PA 2.5E+03 —
BE 6.5E+02 PB  9.0E+02
Bl  2.0E+02 PD  6.0E+01 -~ Pl Ao
Bt 7.5E+00 P 6.5E102
CA 4 .0E+00 . | 3V 5.0:+02
ch 6.5¥+00 Pk 6.5E+02
CE 8 .5E+02 Pi 9.0B+01
a 2.5E-01 . Pl 4,5E+03 .-
i 2.0E+03 Vv RA 4.5E+02 ¢
Co 4 .5E+01 RB 6.0L+01
Cr 8.5C-0. Rk 7.5E+00
Cs 1.0E+03 kil 6.0k+01
Cu  3.5E+01 RU  3.5E+02
DY €.SE+02 S  7.5F+00
ERr 6.5c+02 St 4.5E+01
Eu €.5cv02 S¢ 1.,08+03 /
F 1.SE+02 SE 3.0P+02 &~— (e > '»o
Fi 2.5r+01 S1 3.0F+01
KK 2 .5E+02 S¥ 6 SF-u.
GA 1.5c+03 SN 2. 5p-0G2 ¢
Gl 6.5b+02 Sg 3.5+:01 -
GL 2.5E~01 TA 6.5K+02
HF  1.5k+03 TB  6.5L+00 —_ y
B 1.61+01 TC  1.58+00 & 'C o
HO 6.5} +02 TL 3.0c+02
- /ao 1 6.05+0] -« Tu 1.5 08 -
IN +.5r03 ’ 11 1.0iE+01
1K 1.5k+02 Tt. 1.5L:03
K S.5E400 TH 6.5F+02
LA 6.50+02 U 4.5hi102 &
| ] 3.0Fs0Q2 v 1.08403
LU 6.5E+02 | 1.50L402
M 4 .5E+00 Y 5.0F+102
M 6.5r+01 YB 6.80+02
L. 2.0L134 Znx  &.0F+01

Zi 3.08495 ¢

——— - — e — —_—— —_—

Do v - - T 1 v S T e T Y
S M iy R oA gme—— T J : i
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5. DFSOIL
$.1 JIntrodu.tion

DFS0IL calculates tke eat.-+na) doss-rate factors im air for phcten
snarces 1o 30i) and for photon soarces om the ground plaae. The dose-
gi.te faclioxs for soll layers are compsted for sspecific soil layer
tticknesses and specific oauclades. These dose: .ste factors are jctended
t¢ ve vsed tu environacntal dose as:essments, particularly 4im MSOIL.
Tte soil cealculetions represent b extension of previows calovlations
fcr photon sourcecs shich sye confined to the ground surface -

_ in thet th. souice copccniration ot
3 giver depth 1. 2031 3¢ assuvacd to be uvnifore «ver am  infinite plume
surface parsllel to ithe ground. With this asrsw 1ion, the extcrnsl dase

rate B ot any time t to an exposed individusl cap be expressed iz (he

general fora

. (5.1)
Bit) = A(t) 2 DiF,

wh.rc A 3t tbo racioruulice coriemtratioa &t the location of tke exposed
inlividual and DEF decpotes the dose-tate conversion factor, which we
sl:0 call the dorc-rate factor, defized by this eqguation ss the dose
Ii e Pper uost svarce conceailrstion. The concept of the ezternsl dose-
y.-e conversiop fsctor 1s discussed in more detsil elsevhers -
th)s wukputation, we note only thet 'he dose-rate factor for esxterasl

exjosure to photon emitters on the (round surface dcpendsr oo the bejigh:
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of the receptor locatioa adove groma, which it ussally assumed to b 1
.. Foo photon emitters ia soil, Rhcwever, the dose-rate faotor depenis
on .be deptd iu s0il dut is masuslly insemsitive 10 the Dheight of tle
receptor lccation above grousd for lccatiocns mear the grouad surface.
External dose from electros emitters ia soi]l 1is aot oconssidered
hers. For electroas prodeced by radicactive decsy, the electrons range
fn soil is msually less then 2 ca and never exceeds 4 om (NAS, 1964),
The -efure, 8 nvainsl penetration of ridiosuclides into scil will providy

compilete shielling from al) eleciron ~adiations.
5.2 Computestion of Dore-kate Factors

fhis sectiurn presents calculations of phovos Guse-rate factors in
air above gruwud fur sunoenerget.c sotrces at var:cos depths i» soil aadl
on the grounu plane. The calculitinns assuas that the sougct:
comcenizatiun 15 naiforms over a horiscatsl plave.

An equaticvi tor the dose-gate {asctor 4o air fosr monoenezgoetic
photon soories which arc conflued t¢ the gruvud surface hes previowsly

been derivad (Eucher, 198C; Kocber, 31981, Kocter, 1983a). The result i

(5.2)

C
_— ; : — -8
piky(l.lv) . i&h’ (ugg/P), [ll(ﬂ.l) - (D‘ i l)o:p[(b.-x\,.;]] .

Uere, Dll; $s the photun (y) cdosc-rate fector in sir (a) is waits of

Gy/stc per Bq/nz; 3 is the bheight of :he receptur location above prouad
1o ow, Er fs the photen encrgy i MoV, K Is & cuusiste oQual to the
prosves of 1.6 10710 5-Gy/Mev and 104 cp?/al; (Fen/;’. spd p, arc the

mass onergy—shsorptsun and lipnear atteinstjon oocclficiems in air im
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2 -1
units of co“/g snd e °. respectively, for emergy IY‘ C, ssd D, are the

cosfficients in the Berger form of the energy-sbsozptios buildep fastor

in sir for emergy BY (B:.) gives by - 1966)

. (5.3)
B.h =1 c.ﬂ.f ':y(B.p.r) '
whore r is the distanve froe asy point in the source regios to tha
receptor positiona; sad El is the first-order eipomertial imtegral
(so‘)

i1(p.z) = f: % .IP(’H.I) dr .

For ac exposed individoal stamdieg om the grooed, the dose-rate factor
as whually calculated for ths simgle he.ght 13 = 1 = sbove grouwnd.

The dose-rate factors for monoemergetic osotrces are applise to
tediounclides by assuming thet the specirum of plotons from rediocsotive
decay consists of discrete 7 end 1 rays. Teerefure, the dose-rate
fector for ground-surface ezposuce to a particclar redionuclide DIF? i

given by

(5.3)

D[f?(l) = é l.7ugp;(:.k ) .

1y

wlere le a8 tbo intewnsity of the ith pboton of eneryy gir ia pumber per

decay sod the soamation ipcludes ull photoms in the decey specirua.
The duse-rate factor it air jor mcnoenergetic soarces in scl) cen

bs obtained dy apslougy with Kq. 5.2 by celculsting pboton sttenvatinn

B o s e e o 3 STEER S s et o =T P F WM B WY - TS LR ST - — i m : . . ——
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and deildop is roil rvather thac im aic. Thos ke ¢.5¢ sate foctor ia
air immediately sdove the soil layer as & fuaction ol,doptl g of the

moloenergetic plene source in soil is given by

(5.6)
¢
. . 3 - -
DR};(x,by) - }Lkr (nea/P)s [Bx(u.x) - (D. - 1) osp[(b.-l)u.le .

No'e that even though the wmcdium between the source asd receptor
Forativas 13 assuced to  be i@ soi]l retber thar ic air, we are still
calculatiog the dosc-rate factour at ¢ receptor location in air. Tanus
tbe duse-raty  factar atselt eud the mass-cuergy absorption coefficient
on the right Leud s1de of Ey. 5.6 sare¢ vealues 1o 11 apd not an »o1rl.

ir ;jractaice, Ly, 5.0 is to be evaluated at } m above grounc, and
rot imxedistely abuve ground. The effect of tLe layer of air betwvern
the  s01] surface and the receplur car be approximateu by s layer of soil
which would provide the samc shielding os the layer of air. This
equivalent depib of soil, 3, may be calculated Ly settiing Eq. 5.6 equcl
te bg. 3.2 apd sulviug Lue sesulting trasscendesi-. eyuation for x|

For ¢ 1 ». toe resuiting veive of x. is less thar 1 mx for all photen
epergies The dose-rate factor for s recepior ) m above the soil
suUl 8c¢t sy thiu be (eliusated tor 8 place munucnergetic source at @
dep b 2 ¢y «valuating kqg. 3.6 at x*l. ratlber than at 2. Fur all
pre-ticel purposes. however., 1t is  :lesr that 3, can be npeglected
wvemwred  with the Jdeptl 3 ar :0i); if.e.. tlLe laver «f air shove gronnli
coantributes Jittle te phaton slrclein; frea svurces in soil.

The mass crergy shserptico apd | .cear attenuatjon coefficients 41

sir used 1u bys. 5.2 endé .6 se ¢ obtaived from the compilativn b
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Babbell (1969). The buildup factor cosfficients o .7 ' vere olts.ned
from ¢ Jinesr Jeast-squsres fit of Eg. 5.3 to published saei gy
absorptiuva buildup factors _1969). The parameters
for pbuton tremspurt i a.1l were obtelned by assusisg thit aveilible
datas for concrete are appropriste. The limser sticouitris cosfficients
s3d the <cosffjcionts foo the esergy-sbe....:.. tUziisr  friter for
crpcrete wers obtsined from the calzolations oi kisenbaner azd Siaaoms
(1975} the (urmer sssume & soil deasity of 1.4 ;lc.’.

Radionu.lides in soil will =wmsaslly be distributed throwghost a
v.lume¢ gether °*Bar coursimed to s plene surface. The dose rate in air
glove grouad from & volume sourcs cnb be obtaiced by an  integration of

tte priactc-souice dose-rate facty: and th: 1.dionuclide c¢omcentration

over tte souive volwuse. From Eg. 5 1, the dose rate ir air, i; + Tfor

etorgy ET 13 given by

(5.7)
g (E 12, Y -
JE - !,1 gla) DUFI{E~2 (E ) dx ,
en:re A‘:a) fa the povrce onContration a8t Joptl o3 g hn/.J sDL 11 sod
5 e tLe uppv 7 ~wd lewes boundaries of the source regicnm,

respectively, o8d 3_ ; the tbickness of sot) ccrrcsponding to 1 m of
a1t es Jrscussed follivwing Eq. 5.6. Agasn. 3, capb usually be peglected
in practicsl applications. becavse the value is less thas 1 =m.

lor most Jdistributions of sourc:s with depth ia soil, Eq. 3.7 must
ke solrved pumerijcally. The dosa-rate factor for & slad souvrce is
b . sai1ned by integrsting Eg. 3.% over the vertical extest of the slab.

Li.ng ihe relativu ot derivatives of ezponssntial intcazals (Gactschi

sad Cadill, 1965),
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- R (5.5,
dE‘(u)ldu a - En,l(-) .

the result 13

(5.9)
Dl};(li.l:.ﬁ_:,) = iu’ (pcl‘./").;{x; Ez(u‘!ol) - Ez(u.!oz)

™

. —t [

o, - 10} exp[(Dy-1)p, 53] - exp[(Dy-10u,32])

woer: ihe J.sc .ble 18ctlour 16 atr 3 im wpits of G /sec per Bq/n3 and

the second-crder exponential intcgral is given by (Gsutschi asad Cabill,

10651

N | (5.10)
E-z(w) = ezl w) o Lul'.l(y)

The csriabies 3°, 4nd 3°7 are equsl to 33¢3, apd 23°1,. respoctively.

Apie -, I, el Beuhal b reglecteid. The ouciiue specific dose-rate

tactars for clal peurics age tiepnted by summing these munienergetic

{act 'rs snalogueesly tc¢ kq. 5.5, ss

. (5.11)
|i\)‘_('x,l' - bt.l;l‘(";(ll.A‘».E

3 ‘7.
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6. SUMURY

LSOOIl end DFSOIL will be msufsal ia produciag radistioam doses from
grousd surfece exposares. MLSO'L computes as effective grouad su~face
concenslration as the z8ticv o! thec dose from » five-layer scil =mcde to
tbe dose-sate factor for cumputing dose from the grooad plame. DISCIL
computes tho dose-i1ate factors meeded in DFSOIL for the five soil liyers
apd for the grouud plene. .

MLSUIL sod DFNOIL were written to be used as ap imtegral part of
the (MRIS or with other rompstable codes avsilable to the user. M SOIL
wnd DF>ull du pnot coepute duses to tbhe budy or orgens by themselves.
6.5l can print the dose 1n sir from ground surface exposurc, 80 that
ANUKOS seed not be run if that is the cnly dose of interest. If the
output  file of UDFSOIL is availasle, there is no need to reruns DFSIIL.
10.SOIL can be run with a varjety o options within the CRRIS to proisce
(round susf{ace concentrations, which wmay be co.binodv'vlth o.ber
environmental coocectrations from TEKMKA, snd entered to ANDROS for

computation of the peeded doses anc risks,

et T W e A o Wien o2 e

e



{1}

121

4]

lh‘

7. REFEREMCES

C. F. baes }1i and R. i». Sba-p. 1983, ~“A Propossl for Estimation

of Suil Lescbing snc Lesching Coostants for Use in Assessnent

Models™”, in J. Epvires. wusl.. 12, 17.

C. r. Bses, 111, C. ¥, M3ller, B. D, Murphy., and A. L. Sjorcen.
fe press.  An Iptryduciaop v Cumad. A Cepactesiaed Kaddviogiual
Ris) liovestigatiop Systce for Arpcssina Aluopplezic Releases of

a¢ jonu 8. ORNL./TM 8573

C. F. baes lli, R. V. dtery., A, L. djureen, sud 0. ¥, buergson. In
press . JerxA A Con,.fes Jode foF $au Lanliop ©f 1DC ‘ikRRRVZL
9} Eov,ropmepislly keicpsed Radjonyclidcs Throusdh Agricaltoce.

ORNl. 578S.

C. F. Raes 111, R. D. Swarp, /. L. Syoreer, snd R. W, Sbor. In
press . A leviey id Ajsiasas wf isiemcters fot Atpens bR
Tregepsit of Epvizopscotally Relcased  Kic:ovpuclides Ihrerab
Asriculipre. ORNL-3786.

C. L. Begovech, b. F. tiderman, E. C. Scblatter, 5. Y. Obr, and
AR O, Cuester. iveol DARIAB: A Prepgiap te¢ tumbine Aisrbospe
Kagappu lige kuv,repscn.al l'-w_r__l.u_e Dsia witl DPopimectric sud
Vemiip bijecrs Uzta ). Lguerete Ipbolstaivns of Fiecicted Mealth

Iepact,; RN - S802,

C. 5. Begovach, N J. Delliok. J. T, Holdeman, Jr., A. L. Sjoreen,

a.ud C. v, Masuc. I priss. SUMIT. A Co=pites Cods e

LYY

(S



(7]

{81}

(10]

f11)

{i2}

113}

[14]

48

Interpolate and Sum Single Kclogae Atmosoheric Model Resmlts omtg

a Master Grid. OMNL-5514.

C. L. Begovich, S. Y. Ohr, A. L. Sjoreen. and R. O. Chester. Is

press.  ANDROS: A Code for Assessmopt of Nuclide Doses and Riaks
with Optivn Selection. ORNL-5889.

F. A. Coddington anc N. ievipson. 1955, Theoxy of Ordinary

Differentianl Equations. k.Graw—-Hill Book Co., Inc., New York.

(oaxissi1on of the luropeas Comaunities. 1979. Methodology fog
Evalustin, the Kadiolugicel Consequenves vf Kadieactive Efflugnts

Reseopey 22 huiepy Upezetiovus. Doc. No. V/3b2 S/ 1y-bkN, 1K,

A. B, Chilton. 1968, “Brosd Beam Attenuatiun”, 4n: Enzipeexrin:
Com : op Radjstivp Shieldipg. Vol. I (Edi.ed by R. G.

Jaeger), p. 202 (New York: CSpringer-Verlag).

F. H, Clarh. 19%Y%, "Gamrs-Ray 3Juildop Factors foi dand, Air, and

Wood (Celiulose)”. Nucl. Appl. 6, 588,

. E. Duwnivg, Ji.. k.o % leggett, and N G, Yaleintac., 1980, A

eebjped  Feilodeivgy dvr beopamatang Dose Retos pug wes)ib Effects

l’)

from Kegiesct-ve Fuljugants. ORM./TH-T710S5.

(. ¥, Lisenhaver and G. L. Sismotg. 197fZ. "Poiut lsotropic Gamme-

Kay Buildup Factors 10 Concrete” Nugl. Sca. bkpg. 36, 263,

F. R. Gesotauscher. 1989, Matrax Theory. Vol. 1. Chelsca

Publishing Co.. Inc., New York,

oo .,

- e YR g WR YL IY UGS W (CTURETT R BT FE s W e e e - e e N P



[18)

(161

1171

18]

{19)

{201)

49

¥W. Gavtschi and W, F. Cabill. 19635. "Eapoaential Iategral and

Related Functions”, in: Bandbook of Matbempticasl Fongctig¢rs.
(Edited by M. Abramowitz snd Z. A. Stegua). p. 227 (New York:

Dover FPress).

O. V. Hermann, C. F. Baes IJ1, C, V. Miller, C. L. Begovich, and

A. L. byoreeun. in  press. Phi¥uS. A (Computer Code for ihe
Prepagetjop of Radjonuclide Irgrowth hatrices from .Ugg;—ggggj(igg

Songees. OCORNL-5912,

4. H. buhbell. 1969, Phctor Lyuse Svt)juns, Atjenyat on
Coeffic:ently, apd LEbergy Absorptiovn Co:{ficients from 10 keV to
100 G.V. Natiopal Buresu of Standarcs Report NSRDS-NBS 29

(washangton, D. C.: U.S. Depsrtmernt of Cuxmerce).

n. C . Kocber. 1980. "Dose-Rate Conversiof Factors for FExteraal
Ezposure to Photon anc Electron Kadistrun from Kadicnuclices
Occurring 1o KRoutine Kelcases from Nuclear ruel Cycle Facilatieg”.

Lealtl Plyv,. 25, 543,

D, ¢, hecher., 1981a. hadjuagtsve Decsy Data Tables. U. 8.

vepartmeut of lreipgy, DOE/TIC-11026.

v C. K chrrp torly.  Doge-Rpte Comversivn Fiotue.:s for Faterzal

Exposus: (o bhotons ond Flectronsg. NUKLG/CKR-1918. ORN/NUREG-Ty.

P, C. Euelicr. 1vsde. "Dose-Bate Conversion baciors for latcrial

T.pusuic to Photons and Llectsons™. MNeplip Phys.. in press.



122]

{23}

{24)

[25])

[26]

{27]

50

D. C. Kocber. 1983b. "External Dosimetry”, in: Radiologicsl
Asscsgment (Edited by J. E. Till and B. R. Meyer), Chap. €

(Waskiogton, D. C.: U.S. Nuclear Regulatory Commission).

C. E. Lee. 1976. The Calculatiop of Ilsotopic Msss and Energy
Productjon by a Metzixz Operator Method. LA-6483-MS.

C. w, Miller, C. l.. Begovich, O. W. Hermann, and A. L. Sjoreen.
In press. ANEMOS: A Computer Code to Estimate Air Conceptretions
apd Groupe Depositioo Ratces for Atmospheric Nuclides Epitted fror

Multiple Operating Sources. ORNL-5913.

R. L. Moore, C. F. Bucs I1I, L. M, Mchowell-uoyer, A. P. VWatson,
F. 0. nottman, J. C. Pleasant, and C. W, Miller. 1979. AIRDOS-
EPA: A (umputerjzed Metbodcjoiy for Estimatipg Epvivopmentsl
Conceprrations pand Dos¢ to Mpn from Ajjlborme Relesses of

Radjorucl)ides. ORNL-5S832.

B. D. Murphy, S. Y. Ohr, and C. L. Begovich. In press. BETADD-

11: A J.ong Rapge Atmospheric Trsjectogy Mudel with Copsjstept
Trestwment cof Deporitjor Less snd Specje: Crowtih and Decay.

ORNL./ CSD-%y.

National A. ademy of Sciences—National Rescarch Coupcil. 1964,
Studies ar  Pesetiation of  Charged Pagtivles ap Ystter.
Fublicatiun 1133 (Waskington, D. C.: Natiunal Academy of

Sciencas).

[ s



BN

51
(28] J. B [.amupds., G. S. Linsley, and J. A. Jones. 1979. A General

[291

[30.

[21)

Model for the Izansf{er of Iadioactive Meterials in Terrestrird

Food Che, ;3. Matiooasl Radiolcgical Protection Board, barwell,
Didcot, Oxon, England, MaiB-R8Y.

A. L. Sjoreen and C. W, Miller. 1984. PEPAR - A UserFriepdly
Preprocespor sv treate AiiiOS-E?A Ipput Dats Sets. ORNL-3952.

D. K. Trubey. 1966. A Survey of Empiracsl Fubnci ons Used to FEit
Gamps Rpy Buiiduy Faciuss. (Oal Ridge Netional Laboratory, Oax

Riope, Th, ORN.-RSLIC-aUL.

7. 5. Nuciceas Feopulatory Cowmission. 197, Besulatory Guid .
1.109. Calculation of Ancva) Doses to Map from Routine Kelceses of

Repcfor rifluents for tbe Vurpose of Evaluatin, Corelicucy with 2€
CER Pe 4 30 Appepdax 1 (Revision 1). Office of Standards

Developa.aut.





